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(57) ABSTRACT

An optically active binaphthyl compound of the formula (1):

(1)

X
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wherein R* is a C,_. alkyl group, an aryl group or an aryl
C,_ . alkyl group, X is an oxygen atom or a sulfur atom, R*
1s a hydrogen atom, a C, _ alkyl group, a C,_. alkenyl group,
a C,_. alkynyl group or a halogen atom, each of L' and L*
is a hydrogen atom, or L' and L” together form MY wherein
M 1s a rare earth element or a Group 13 element, and Y 1s
a C, . alkoxy group, a C, . alkylcarbonyloxy group or a
halogen atom, and m 1s an integer of from 1 to 3.

12 Claims, No Drawings
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OPTICALLY ACTIVE BINAPHTHYL
COMPOUND AND METHOD FOR
PRODUCING AN OPTICALLY ACTIVE
CYANOHYDRIN COMPOUND EMPLOYING
THE BINAPHTHYL COMPOUND

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mmvention relates to an optically active metal
complex catalyst compound showing excellent stereoselec-
fivity as it has 1n its molecule two moieties 1.e. a Lewis acid
moiety for activating an electrophile and a Lewis base
moiety for fixing the position of a nucleophile, an asym-
metric ligcand compound constituting said catalyst
compound, and a method for producing an optically active
cyanohydrin compound employing said catalyst compound.

2. Discussion of Background

Optically active substances have been used in many
products or 1ntermediates for agricultural chemicals,
pharmaceuticals, etc., and the demand for synthesis for
optically active substances at an industrially practical level
has been increasing year after year.

For the preparation of an optically active substance by an
asymmetric reaction, a catalytic asymmetric synthesis 1s
most eificient and industrially superior, whereby a large
amount of an optically active substance can be obtained by
using a small amount of an asymmetric source.

As such a catalytic asymmetric synthesis, a method has
been known wherein a complex having a rare earth element
or a Group 13 element (Al or Ga) as the central metal and
further containing an alkali metal and a binaphthol as an
asymmetric ligand, 1s used as a catalyst, whereby 1t has been
successtul to efficiently synthesize various optically active
substances.

It 1s believed that such a complex exhibits high
stereoselectivity, as the central metal serves as a Lewis acid
o activate an electrophile, and the alkali metal binaphthox-
1de moiety serves as a Brgnsted base to fix the position of the
nucleophile.

Namely, the above complex makes such excellent stereo-
selectivity possible as 1t has, 1n its molecule, two moieties
1.e. the Lewis acid moiety for activating the electrophile and
the Brgnsted base moiety for fixing the position of the
nucleophile. However, with respect to an optical active
metal complex catalyst having 1n 1ts molecules two moieties
1.e. a Lewis acid moiety for activating the electrophile and
a Lewis base moiety for fixing the position of the
nucleophile, there has been no report on a product having a
high applicability.

On the other hand, with respect to an optically active
cyanohydrin compound, many chemical and enzymatic syn-
theses have been reported, but little has been known with
respect to one which 1s commonly applicable to any type of
a substrate to be used.

Especially, nothing has been reported on an efficient
asymmetric catalyst containing an aliphatic aldehyde or an
aromatic aldehyde as the substrate.

SUMMARY OF THE INVENTION

The present mnventors have conducted an extensive study
and as a result, have found an optically active metal complex
catalyst compound having 1n its molecule two moieties 1.e.
a Lewis acid moiety for activating an electrophile and a
Lewis base moiety for fixing the position of a nucleophile,
and have further found it possible to obtain an optically
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2

active cyanohydrin compound from an aldehyde compound
in good chemaical yield and good optical yield by using such
a compound as a catalyst. The present invention has been
accomplished on the basis of these discoveries.

Namely, the present invention provides an optically active
binaphthyl compound of the formula (1):

(1)

I
2
i\f (CHp)si—P(R");
A o1}
‘ N 0172
e (CHp)sP(RY),

2
: |
X

wherein R* is a C,_. alkyl group, an aryl group or an aryl
C,_. alkyl group, X is an oxygen atom or a sulfur atom, R”
1s a hydrogen atom, a C, _, alkyl group, a C,_. alkenyl group,
a C,_. alkynyl group or a halogen atom, each of L' and L~
is a hydrogen atom, or L' and L” together form MY wherein
M 1s a rare earth element or a Group 13 element, and Y 1s
a C, . alkoxy group, a C,_. alkylcarbonyloxy group or a
halogen atom, and m 1s an integer of from 1 to 3.

Further, the present invention provides a method for
producing an optically active cyanohydrin compound of the

formula (3):

(3)

H >\&OH
R3 CN

wherein R is a C,_, alkyl group, an aryl group, an aryl C,_,
alkyl group, a C,_. alkenyl group, an aryl C,_. alkenyl group,
a C,_. alkynyl group, an aromatic heterocyclic group or a
non-aromatic heterocyclic group, which comprises reacting
an aldehyde compound of the formula (2):

R3*CHO (2)

wherein R” is as defined above, with trimethylsilylcyanide
in the presence of the optically active compound of the

formula (1) wherein L' and L* together form MY wherein
M and Y are as defined above.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Now, the present invention will be described 1n detail.

Firstly, terms used for the substituents of R*, R*, R, R®,
R> R° m, X, L' and L?, will be described.

In this specification, “n” means normal, 1S0, ‘S
secondary, “t” tertiary, “c” cyclo, “o” ortho, “m” meta, “p”
para, “Et” ethyl, “Bu” butyl, “Oct” octyl, “Ph” phenyl, “Ms”
methanesulfonyl, “Ts” p-toluenesulfonyl, and “MOM”
methoxymethyl.

The rare earth element includes lanthanum (La), cerium
(Ce), prascodymium (Pr), neodymium (Nd), promethium
(Pm), samarium (Sm), europium (Eu), gadolinium (Gd),
terbium ('Tb), dysprosium (Dy), holmium (Ho), erbium (Er),
thulium (Tm), ytterbium (Y) and lutetium (Lu).

TRLL TPRL
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The Group 13 element includes aluminum (Al) and gal-
lium (Ga).

The C, . alkyl group mcludes, for example, a methyl
group, an ethyl group, a n-propyl group, an 1-propyl group,
a c-propyl group, a n-butyl group, an 1-butyl group, a s-butyl
ogroup, a t-butyl group, a c-butyl group, a n-pentyl group, a
2-pentyl group, a 3-pentyl group, an 1-pentyl group, a
ncopentyl group, a t-pentyl group, a c-pentyl group, a
n-hexyl group, a 2-hexyl group, a 3-hexyl group, a c-hexyl
group, a 1-methyl-1-ethyl-n-propyl group, a 1,1,2,-
trimethyl-n-propyl group, a 1,2,2-trimethyl-n-propyl group
and a 3,3-dimethyl-n-butyl group. The C, . alkyl group
includes, for example, a n-heptyl group and a n-octyl group,
in addition to the above alkyl groups.

The C,_, alkenyl group includes, for example, an ethenyl
group, a 1-propenyl group, a 2-propenyl group, a 1-butenyl
group, a 2-butenyl group, a 3-butenyl group, a 1-pentenyl
group, a 2-pentenyl group, a 3-pentenyl group, a 4-pentenyl
ogroup, a 1-hexenyl group, a 2-hexenyl group, a 3-hexenyl
ogroup, a 4-hexenyl group and a 5-hexenyl group.

The C,_. alkynyl group includes, for example, an ethynyl
group, a 1-propynyl group, a 2-propynyl group, a 1-butynyl
group, a 2-butynyl group, a 3-butynyl group, a 1-pentynyl
group, a 2-pentynyl group, a 3-pentynyl group, a 4-pentynyl
ogroup, a 1-hexynyl group, a 2-hexynyl group, a 3-hexynyl
group, a 4-hexynyl group and a 5-hexynyl group.

The C,_, alkoxy group imcludes, for example, a methoxy
group, an ethoxy group, a n-propoxy group, an 1-propoxy
oroup, a C-propoxy group, a n-butoxy group, an 1-butoxy
ogroup, a s-butoxy group, a t-butoxy group, a c-butoxy group,
a n-pentyloxy group and a n-hexyloxy group. The C,_
alkylcarbonyloxy group includes, for example, a methylcar-
bonyloxy group, an ethylcarbonyloxy group, a
n-propylcarbonyloxy group, an 1-propylcarbonyloxy group,
a n-butylcarbonyloxy group, an 1-butylcarbonyloxy group, a
s-butylcarbonyloxy group, a t-butylcarbonyloxy group, a
1-pentylcarbonyloxy group, a 2-pentylcarbonyloxy group, a
3-pentylcarbonyloxy group, a 1-pentylcarbonylxoy group, a
ncopentylcarbonyloxy group, a t-pentylcarbonyloxy group,
a 1-hexylcarbonyloxy group, a 2-hexylcarbonyloxy group, a
3-hexylcarbonyloxy group, a 1-methyl-n-pentylcarbonyloxy
ogroup, a 1,1,2-trimethyl-n-propylcarbonyloxy group, a 1,2,
2-trimethyl-n-propylcarbonyloxy group and a 3,3-dimethyl-
n-butylcarbonyloxy group.

The aryl C, . alkenyl group includes, for example,
1-phenylethenyl group, a 2-phenylethenyl group,
1-phenyl-1-propenyl group, a 2-phenyl-1-propenyl
3-phenyl-1-propenyl group, a 1-phenyl-2-propenyl
2-phenyl-2-propenyl group, a 3-phenyl-2-propenyl
1-phenyl-1-butenyl group, a 2-phenyl-1-butenyl
3-phenyl-1-butenyl group, a 4-phenyl-1-butenyl
1-phenyl-2-butenyl group, a 2-phenyl-2-butenyl
3-phenyl-2-butenyl group, a 4-phenyl-2-butenyl
3-phenyl-3-butenyl group, a 2-phenyl-3-butenyl
3-phenyl-3-butenyl group, a 4-phenyl-3-butenyl group,
5-phenyl-1-pentenyl group, a 5-phenyl-2-pentenyl group,
5-phenyl-3-pentenyl group, a 5-phenyl-4-pentenyl group,
6-phenyl-1-hexenyl group, a 6-phenyl-2-hexenyl group,

-3-hexenyl group, a 6-phenyl-4-hexenyl group an
a 6-phenyl-5-hexenyl group.

d
d
d
d

a
a
a
a
a
a
a
group, a
a
a
a
a
a
a
d

6-pheny.

The aryl group includes, for example, a phenyl group, an
o-methylphenyl group, a m-methylphenyl group, a
p-methylphenyl group, an o-chlorophenyl group, a
m-chlorophenyl group, a p-chlorophenyl group, an
o-fluorophenyl group, a p-fluorophenyl group, an
o-methoxyphenyl group, a p-methoxyphenyl group, a
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p-nitrophenyl group, a p-cyanophenyl group, an o.-naphthyl
oroup, a [-naphthyl group, an o-biphenylyl group, a
m-biphenylyl group, a p-biphenylyl group, a 1-anthryl
ogroup, a 2-anthryl group, a 9-anthryl group, a 1-phenanthryl
ogroup, a 2-phenanthryl group, a 3-phenanthryl group, a
4-phenanthryl group and a 9-phenanthryl group.

The aryl C,_, alkyl group includes, for example, a benzyl
ogroup, an o-methylbenzyl group, a m-methylbenzyl group, a
p-methylbenzyl group, an o-chlorobenzyl group, a
m-chlorobenzyl group, a p-chlorobenzyl group, an
o-fluorobenzyl group, a p-fluorobenzyl group, an
o-methoxybenzyl group, a p-methoxybenzyl group, a
p-nitrobenzyl group, a p-cyanobenzyl group, a phenethyl
ogroup, an o-methylphenethyl group, a m-methylphenethyl
ogroup, a p-methylphenethyl group, an o-chlorophenecthyl
oroup, a m-chlorophenethyl group, a p-chlorophenethyl
oroup, an o-fluorophenethyl group, a p-fluorophenethyl
ocroup, an o-methoxyphenethyl group, a
p-methoxyphenethyl group, a p-nitrophenethyl group, a
p-cyanophenethyl group, a 3-phenylpropyl group, a
4-phenylbutyl group, a 5-phenylpentyl group, a
6-phenylhexyl group, an a-naphthylmethyl group, a
B-naphthylmethyl group, an o-biphenylylmethyl group, a

a
a
a

m-biphenylylmethyl group, a p-biphenylylmethyl group,
1-anthrylmethyl group, a 2-anthrylmethyl group,
9-anthrylmethyl group, a 1-phenanthrylmethyl group,
2-phenanthrylmethyl group, a 3-phenanthrylmethyl group, a
4-phenanthrylmethyl group, a 9-phenanthrylmethyl group,
an a-naphthylethyl group, a p-naphthylethyl group, an
o-biphenylylethyl group, a m-biphenylylethyl group, a
p-biphenylylethyl group, a 1-anthrylethyl group, a
2-anthrylethyl group, a 9-anthrylethyl group, a
1-phenanthrylethyl group, a 2-phenanthrylethyl group, a
3-phenanthrylethyl group, a 4-phenanthrylethyl group and a
9-phenanthrylethyl group.

The aromatic heterocyclic group may, for example, be a
5- to 7-membered monocyclic heterocyclic group or a 8-to
10-membered condensed bicyclic heterocyclic group, which
may contain from 1 to 3 atoms selected from oxygen,
nitrogen and sulfur atoms.

The aromatic heterocyclic group includes, for example, a
2-thienyl group, a 3-thienyl group, a 2-furyl group, a 3-furyl
ogroup, a 2-pyranyl group, a 3-pyranyl group, a 4-pyranyl
group, a 2-benzoturanyl group, a 3-benzofuranyl group, a
4-benzofuranyl group, a 5-benzofuranyl group, a
6-benzofuranyl group, a 7-benzofuranyl group, a
1-1sobenzofuranyl group, a 4-1sobenzofuranyl group, a
5-1sobenzofuranyl group, a 2-benzothienyl group, a

a
a
a

3-benzothienyl group, a 4-benzothienyl group,

5-benzothienyl group, a 6-benzothienyl group,

7/-benzothienyl group, a 1-isobenzothienyl group,

4-1sobenzothienyl group, a 5-1sobenzothienyl group, a
2-chromenyl group, a 3-chromenyl group, a 4-chromenyl
group, a S-chromenyl group, a 6-chromenyl group, a
/-chromenyl group, a 8-chromenyl group, a 1-pyrrolyl
group, a 2-pyrrolyl group, a 3-pyrrolyl group, a 1-imidazolyl
oroup, a 2-imidazolyl group, a 4 -imidazolyl group, a
1-pyrazolyl group, a 3-pyrazolyl group, a 4-pyrazolyl group,
a 2-thiazolyl group, a 5-thiazolyl group, a 3-1sothiazolyl
ogroup, a 4-1sothiazolyl group, a 5-1sothiazolyl group, a
2-oxazolyl group, a 4-oxazolyl group, a 5-oxazolyl group, a
3-1soxazolyl group, a 4-1soxazolyl group, a 5-1soxazolyl
group, a 2-pyridyl group, a 3-pyridyl group, a 4-pyridyl
oroup, a 2-pyrazinyl group, a Z-pyrimidinyl group, a
4-pyrimidinyl group, a 5S-pyrimidinyl group, a 3-pyridazinyl
oroup, a 4-pyridazinyl group, a 1l-indolizinyl group, a
2-indolizinyl group, a 3-indolizinyl group, a 5-indolizinyl
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group, a 6-indolizinyl group, a 7-indolizinyl group, a
8-indolizinyl group, a 1l-isoindolyl group, a 4-1soindonyl
group, a S-1soindolyl group, a 1-indolyl group, a 2-indolyl
ogroup, a 3-indolyl group, a 4-indolyl group, a 5-indolyl
group, a 6-indolyl group, a 7-indolyl group, a 1-indazolyl
oroup, a 2-indazolyl group, a 3-indazolyl group, a
4-1ndazolyl group, a 5-indazolyl group, a 6-indazolyl group,
a 7-indazolyl group, a 3-purinyl group, a 2-purinyl group, a
3-purinyl group, a 6-purinyl group, a 7-purinyl group, a
8-purinyl group, a 2-quinolyl group, a 3-quinolyl group, a
4-quinolyl group, a 5-quinolyl group, a 6-quinolyl group, a
/-quinolyl group, a 8-quinolyl group, a 1-1soquinolyl group,
a 3-1soquinolyl group, a 4-1soquinolyl group, a 5-1soquinolyl
group, a 6-1soquinolyl group, a 7-1soquinolyl group, a

8-1soquinolyl group, a 1-phthalazinyl group, a
5-phthalazinyl group, a 6 -phthalazinyl group, a
2-naphthyridinyl group, a 3-naphthyridinyl group, a
4-naphthyridinyl group, a 2-quinoxalinyl group, a
5-quinoxalinyl group, a 6-quinoxalinyl group, a
2-quinazolinyl group, a 4-quinazolinyl group, a
5-quinazolinyl group, a 6-quinazolinyl group, a

7/-quinazolinyl group, a 8-quinazolinyl group a 3-cinnolinyl
oroup, a 4-cinnolinyl group, a 5-cinnolinyl group, a
6-cinnolinyl group, a 7-cinnolinyl group, a 8-cinnolinyl
oroup, a 2-ptenydinyl group, 4-ptenydinyl, group, a
6-ptenydinyl group, a 7-ptenydinyl group and a 3-furazanyl
group.

The non-aromatic heterocyclic group may, for example,
be a 5- to 7-monocyclic heterocyclic group, or a 6- to
10-membered condensed bicyclic heterocyclic group, which
contains from 1 to 3 atoms selected from oxygen, nitrogen
and sulfur atoms.

The non-aromatic heterocyclic group includes, for
example, a 2-tetrahydrofuranyl group, a 3-tetrahydrofuranyl
group, a 2-tetrahydropyranyl group, a 3-tetrahydropyranyl
ogroup, a 4-tetrahydropyranyl group, a 1-pyrrolidinyl group,
a 2-pyrrolidinyl group, a 3-pyrrolidinyl group, a 1-pyrrolinyl
group, a 2-pyrrolinyl group, a 3-pyrrolinyl group, a
4-pyrrolinyl group, a S-pyrrolinyl group, a 1-imidazolidinyl
group, a 2-imidazolidinyl group, a 4-1midazolidinyl group, a
1-imidazolinyl group, a 2-imidazolinyl group, a
4-1midazolinyl group, a 1-pyrazolidinyl group, a 3 - pyra-
zolidinyl group, a 4-pyrazolidinyl group, a 1-pyrazolinyl
group, a 2-pyrazolinyl group, a 3-pyrazolinyl group, a
4-pyrazolinyl group, a 5-pyrazolinyl group, a 1-piperidyl
group, a 2-piperidyl group, a 3-piperidyl group, a
4-piperidyl group, a 1-piperazinyl group, a 2-piperazinyl
oroup, a 3-piperazinyl group, a 1l-indolinyl group, a
2-1indolinyl group, a 3-indolinyl group, a 4-indolinyl group,
a 5-indolinyl group, a 6-indolinyl group, a 7-indolinyl
ogroup, a l-1soindolinyl group, a 2-isoindolinyl group, a
4-1soindolinyl group, a 5-isoindolinyl group, a
2-quinuclidinyl group, a 3-quinuclidinyl group, a
4-quinuclidinyl group, a 2-morpholinyl group, a
3-morpholinyl group, a 4-morpholinyl group, a 1-azetidinyl
group, a 2-azetidinyl group, a 3-azetidinyl group, a
1-azetidinonyl group, a 3-azetidinonyl group and a
4-azetidinonyl group.

The halogen atom includes a fluorine atom, a chlorine
atom, a bromine atom and an 1odine atom.

Now, preferred R*, R*, R®°, R*, R>, R°, m, X, L' and L*
will be described.

As preferred R, a phenyl group may be mentioned.

As preferred R?, a hydrogen atom may be mentioned.

As preferred R?, (CH,),Ph, CH(CH,),, Ph, (CH,)sCH,,
CH(CH,CH,),, CH=CH (CH,) ;CH,, CH=CHPh,
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C(CH;),CH,Ph, a cyclohexyl group, a p-methylphenyl
group or a 2-furyl group may be mentioned.

As preferred R*, R> and R° which are independent of one
another, CH,, (CH,),CH,, (CH,),CH, or Ph may be men-
tioned.

As preferred m, 1 or 2 may be mentioned.
As preferred X, an oxygen atom may be mentioned.

As preferred L' and L* which are independent of each
other, a hydrogen atom may be mentioned, or L' and L* may
together form AICI.

Now, the synthesis of the optically active binaphthyl
compound of the formula (1) will be described.

Among optical active binaphthyl compounds represented
by the formula (1), a synthesis of an optically active binaph-
thyl compound of the formula (6) wherein each of L* and L~
1s a hydrogen atom, 1s shown by reaction scheme 1.

Reaction scheme 1

I
2
Ii\,w (CH2)mP(RY),
\ OMOM
TsOH _
\ OMOM
RZ‘/ - (CHz)nTﬁ(Rl)z
X
(5)
X
R2 ”

(CHp)y—P(R"),

OH

OH

R (CHI—HR:

(6)

wherein R, R®, m and X are as defined above.

By reacting p-toluenesulfonic acid to a compound of the
formula (5), the desired compound of the formula (6) can be
prepared.

The solvent for the reaction may be any solvent so long
as 1t 1s 1nert to the reaction, and for example, an aromatic
solvent such as benzene or toluene, an ether solvent such as
tetrahydrofuran or 1,4-dioxane, an amide solvent such as
formamide, N,N-dimethylformamide, N,N-
dimethylacetamide or N-methylpyrrolidone, an alcohol sol-
vent such as methanol, ethanol or propanol, a halogen type
solvent such as chloroform, methylene chloride or ethylene
dichloride, other solvents such as acetonitrile and
dimethylsulfoxide, water, or a solvent mixture thereof, may
be mentioned.

The reaction temperature may be within a range of from
0° C. to the boiling point of the solvent used for the reaction.
However, it is preferably from 20 to 80° C.

The reaction time varies depending upon the temperature
for the reaction, but 1t 1s usually from 1 to 100 hours,
preferably from 3 to 30 hours.
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The amount of p-toluenesulfonic acid 1s usually within a
range of from 10 to 200 mol %, preferably from 30 to 150
mol %, relative to the substrate.

Among optically active binaphthyl compounds repre-
sented by the formula (1), a synthesis of an optically active
binaphthyl compound of the formula (8) wherein L* and L*
together form MY, 1s shown by reaction scheme 2.

Reaction scheme 2

I
2
i Z (CHp)imP(RY),
-~
N MYY1Y?
OH (7) _
\ OH

RZ/ < (Cﬂz)m_ﬁ(Rl)z

X

(6)
X
R I

O: MY
‘ Xy Xy
/\/\/\(CHz)m_P(RI)z

(8)

wherein R*, R*, M, Y, m and X are as defined above, and
each of Y and Y* which are independent of each other, is

a C,_. alkyl group, a C,_. alkoxy group, a C,_, alkylcarbo-
nyloxy group or a halogen atom.

By reacting a trivalent metal compound (7) to the com-
pound of the formula (6), it is possible to obtain the desired
compound of the formula (8).

The solvent for the reaction may be any solvent so long
as 1t 1s 1nert to the reaction, and for example, a saturated
aliphatic solvent such as n-pentane, n-hexane, cyclohexane
or petroleum ether, an aromatic solvent such as benzene or
toluene, an ether solvent such as tetrahydrofuran or 1,4-
dioxane, a halogen type solvent such as chloroform, methyl
chloride or ethylene dichloride, or a solvent mixture thereof,
may be mentioned.

The reaction temperature may be within a range of from
-10° C. to the boiling point of the solvent used for the
reaction. However, the temperature 1s preferably from O to
50° C.

The reaction time varies depending upon e.g. the tem-
perature for the reaction, but 1s usually from 0.1 to 10 hours,
preferably from 0.5 to 3 hours.

The amount of the trivalent metal compound (7) may be
within a range of from 0.1 to 2 equivalents, preferably from
0.5 to 1.2 equivalents, relative to the substrate.

It 1s advisable that the instruments, the solvents, etc., are
sufliciently dried before use, and the reaction is carried out
in a stream of an 1nert gas such as argon gas.

When the obtained compound of the formula (8) is used
as a catalyst for the production of an optically active
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cyanohydrin compound from an aldehyde compound, the
reaction solution i1s preferably employed as it 1s, for the
production of an optically active cyanohydrin compound,
without isolating the compound of the formula (8).

Further, in a case where a phosphine oxide (4) is added to
the reaction system to produce an optically active
cyanohydrin, it 1s preferred to add the phosphine oxide (4)
beforehand when the compound of the formula (8) is to be
prepared.

Now, a synthesis of the compound of the formula (5) as
an intermediate for the compound of the formula (6), will be

described.

Among compounds represented by the formula (5), a
synthesis of a compound of the formula (14) wherein m is
1, 1s shown by reaction scheme 3.

Reaction scheme 3

o
b

/
\

N7 og 1) NaH
MOMCI
2)n-Bul.i
‘ X Xy OH )DMF
R
(9)
R2
CHO

NaBH,
.

MsCl Et3N
LiCI DMF_

| (RY)2P(—X)H

\/\ OMOM t_B(l:ll?)Na
‘ \ /\ /OMOM
N NN



US 6,248,918 Bl

9

-continued

X
RZ ” :
#\ﬁ\ / P(R )2
NN OMOM
‘ \ \ /OMOM

2/\/\/¥P(R1)2

R

I

(14)

wherein R, R® and X are as defined above.

In the presence of sodium hydride, methoxymethyl chlo-
ride is reacted to an optically active binaphthol (9) for
methoxymethylation, followed by lithium-modification with
n-butyl lithium and formylation with dimethylformamide to
obtain a diformyl compound (10).

The diformyl compound (10) is reacted with sodium
boron hydride to reduce formyl groups to obtain a diol
compound (11).

In the presence of trimethylamine, the diol compound (11)
1s reacted with methanesulfonyl chloride for
methanesulfonylation, followed by a reaction with lithium
chloride to obtain a dichloro compound (12).

The dichloro compound (12) is reacted with a phosphine
oxide or a phosphine sulfide represented by the formula (13)
in the presence of sodium t-butoxide to obtain a compound
of the formula (14) which is a compound of the formula (5)
wherein m 1s 1.

A synthesis of a compound of the formula (18) which is
a compound of the formula (5) wherein m is 2, is shown by
reaction scheme 4.

Reaction scheme 4

R2
{;\{,\ / ‘ CHO :ﬁ
LiCH,P(R)
\/\ OMOM (125) 12
(\ /\ /OMOM
R2
(10)
OH P“i
lf ~a P(RI)Z
~
sCl
N OMOM b ﬁ;;
MO ) DBU
5
N P(R"),

OH X
(16)
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-continued

(17)

wherein R*, R* and X are as defined above.

A lithium reagent of the formula (15) is reacted to a

diformyl compound (10) to obtain a compound of the
formula (16).

Methanesulfonyl chloride is reacted to the compound of

the formula (16) for methanesulfonylation, followed by a
reaction with DBU (1,8-diazabicyclo|5,4,0 Jundec-7-ene) to
obtain a compound of the formula (17).

The compound of the formula (17) is treated with a
catalytic amount of palladium-carbon 1n a hydrogen stream,
to obtain a compound of the formula (18) which 1s a
compound of the formula (5) wherein m 1s 2.

A synthesis of a compound of the formula (23) which is
a compound of the formula (5) wherein m is 3, is shown by
reaction scheme 5.

Reaction scheme 3

F CHO O
EO-_||
‘ _ PCH,COsE

R EtO

OMOM NaH

v
OMOM
X

N
(10)

o
b2

,

4

N
/

n2 CHO
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-continued

CH=—CHCOEt

NN OMOM PI;II_QC
@iomom
RZ‘/ 7N\ CH=—=CHCO,Et
(19)
R2
/\4\ / CH->CH->COEt
f |
NN OMOM LiAIH,
(\ § _OMOM
R!\/\/\CHQCHZCOQB
(20)
R2
¢ I (CH,);0H
N OMOM CBrPPh;
N OMOM
RZ/ - l (CH,);0H
(21)
RZ
#\f (CH2)3BI‘
(R").P(—=X)H
-BuONa
\ OMOM t (13)
P _-OMOM
Rz*/ /\(CH2)3BI‘
(22)
I
2
2 z (CH,)3P(RY),
~
N OMOM
N OMOM
RZ‘/ = (CH2)3P"‘(R1)2
X
(23)

wherein R*, R* and x are as defined above.

Ethyl diethylphosphonoacetate 1s reacted to a diformyl
compound (10) in the presence of sodium hydride to obtain
a compound of the formula (19).

The compound of the formula (19) is treated with a
catalytic amount of palladium-carbon in a hydrogen stream
to obtain a compound of the formula (20).
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The compound of the formula (20) 1s reduced with lithium
aluminum hydride to obtain a diol compound of the formula
(21).

Carbon tetrabromide is reacted to the compound of the
formula (21) in the presence of triphenylphosphine to obtain
a dibromo compound of the formula (22).

A phosphine oxide or a phosphine sulfide of the formula
(13) is reacted to the dibromo compound (22) in the presence
of sodium t-butoxide to obtain a compound of the formula
(23) which 1s a compound of the formula (5) wherein m is
3.

Now, the process for producing an optically active cyano-
hydrin compound will be described.

Reaction scheme 6

R3CHO
2)

_|_
(CH3)3SiCN

RZ I

An aldehyde compound of the formula (2) 1s added to a
compound of the formula (8) prepared by reaction scheme 2,
to a solution containing the compound of the formula (8) or
to a solution containing the compound of the formula (8) and

a phosphine oxide of the formula (4). To this solution,
trimethylsilylcyanide ((CH5);SiCN) is dropwise added to

obtain the desired optically active cyanohydrin compound of
the formula (3).

The amount of the compound of the formula (8) is usually
from 0.1 to 100 mols, preferably from 5 to 30 mols,
relatively to the aldehyde of the formula (2).

In the case where the reaction 1s carried out by an addition
of a phosphine oxide of the formula (4), the amount of the

phosphine oxide is usually from 1 to 20 equivalents, pret-
erably from 3 to 10 equivalents, relative to the compound of
the formula (8).

With respect to the type of the phosphine oxide to be used,
when an aliphatic aldehyde wherein R’ is (CH,),Ph,
CH(CH,),, (CH,)sCH;, CH(CH,CH,),;, CH=CH(CH,)
sCH;, CH=CHPh, C(CH,),CH,Ph or a cyclohexyl group,
1s employed, it 1s preferred to use a phosphine oxide having
a strong Lewis basicity, such as n-Bu,P(O), and when an
aromatic aldehyde wherein R®> is Ph, a p-methylphenyl
group or a 2-furyl group, 1s employed, it 1s preferred to
employ a phosphine oxide having a slightly weak Lewis
basicity, such as CH;P(O)Ph.,.

The solvent for the reaction 1s not particularly limited so
long as 1t 1s 1inert to the reaction, and 1t may, for example, be
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an aromatic solvent such as benzene, toluene, xylene,
mesitylene, chlorobenzene, fluorobenzene or
o-dichlorobenzene, an aliphatic hydrocarbon solvent such as
n-hexane, cyclohexane, n-octane or n-decane, a halogen
type solvent such as chloroform, methylene chloride or
cthylene dichloride, or an ether solvent such as
tetrahydrofuran, diethyl ether, t-butyl methyl ether or
dimethoxyethane, preferably a halogen type solvent, more
preferably methylene chloride.

Further, these solvents may be used alone or in combi-
nation as a solvent mixture.

The time for dropping trimethylsilylcyanide 1s usually
within a range of from 1 to 50 hours, preferably within a
range of from 5 to 20 hours.

Further, at the time of dropping trimethylsilylcyanide, it 1s
advisable to drop 1t from the top of the reactor so that
trimethylsilylcyanide will not crystallize.

The temperature for the reaction 1s usually within a range

of from -100° C. to 50° C., preferably within a range of from
-60° C. to 0° C.

The time for the reaction is usually from 0.1 to 1,000
hours, preferably from 10 to 100 hours.

After completion of the reaction, the product 1s treated
with a suitable acid such as dilute hydrochloric acid and then
extracted with a suitable solvent such as ethyl acetate. Then,
the solvent 1s concentrated under reduced pressure, followed
by separation by e.g. crystallization, silica gel column chro-
matography or distillation, to 1solate the desired optically
active cyanohydrin compound.

Now, the present invention will be described in further
detail with reference to Examples. However, 1t should be
understood that the present invention 1s by no means
restricted to such specific Examples.

The optical purity was determined by HPLC (column:
Daicel Chiralcell OJ, OD, mobile phase: i1sopropanol-
hexane).

REFERENCE EXAMPLE 1
Preparation of 3,3'-diformyl-2-2'-bis(methoxymethyl)-1,1'-
binaphthol

10 g (26.7 mmol) of (R)isomer of 2,2'-bis
(methoxymethyl)-1,1'-binaphthol was dissolved in 400 ml
of diethyl ether, and 53.1 ml (85.5 mmol) of a 1.61 M hexane
solution of n-butyl lithium was added at room temperature.

After stirring at room temperature for 2 hours, the mixture
was cooled to 0° C., and 7.24 ml (93.5 mmol) of dimeth-
ylformamide was dropwise added thereto over a period of 15
minutes.

The mixture was returned to room temperature and further
stirred for 2 hours, whereupon 1t was neutralized with a
saturated ammonium chloride aqueous solution and then
extracted with ethyl acetate.

The organic layer was washed with water and a saturated
sodium chloride aqueous solution and then dried over anhy-
drous sodium sulfate.

The solvent was distilled off under reduced pressure, and
then, the residue was purified by silica gel flush column
chromatography (n-hexane:ethyl acetate=10:1 to 5:1) to
obtain 9.0 g (78%) of the above-identified compound as a
yellow o1ly substance.

"HNMR(CDCL,)d 10.55(s, 2H), 8.62(s, 2H), 8.08(dd, J=8.2,
1.2 Hz, 2H), 7.52(ddd, J=9.2,7.05,1.20 Hz, 2H), 7.43(ddd,
J=8.2,7.05,1.50 Hz, 2H), 7.22(dd, J=9.2,1.50H z, 2H), 4.71
(d, J=6.1 Hz, 2H), 4.69(d, J=6.1 Hz, 2H),2.88(s, 6H);

C NMR(CDCL,) 8 190.6, 154.0, 136.7, 132.3, 130.3,
129.6, 128.9, 126.3, 126.1, 1 25.9, 100.6, 57.0

REFERENCE EXAMPLE 2
Preparation of 3,3'-bis(hydroxymethyl)-2,2'-bis
(methoxymethyl)-1,1'-binaphthol
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4.0 g (9.29 mmol) of 3,3'-diformyl-2,2'-bis
(methoxymethyl)-1,1'-binaphthol was dissolved in 140 ml
of methanol and cooled to 0° C. Then, 700 mg (18.6 mmol)
of sodium boron hydride was added thereto.

After neutralizing it with a saturated ammonium chloride
aqueous solution, the mixture was concentrated until the
amount of the solution became a half.

50 ml of ethyl acetate was added for extraction, and the
organic layer was washed with water.

The aqueous layer was further extracted with ethyl acetate
(60 mlx4), and the organic layers were put together and
washed with a saturated sodium chloride aqueous solution
(50 mlx1).

The obtained product was dried over anhydrous sodium
sulfate, and then, the solvent was distilled off under reduced
pressure. The residue was puridied by silica gel flush column
chromatography (n-hexane:acetone=3:1) to obtain 92.6% of
the above-identified compound as a colorless solid.

'H NMR(CDCL,) & 8.02(s,2H), 7.91(m,2H), 7.43(ddd,
1=8.25,6.7,0.9 Hz, 2H), 7.27 (ddd, J=8.25, 7.0, 1.5 Hz, 2H),
7.15(m, 2H), 4.98(d, J=12.8 Hz, 2H), 4.85(d, J=12.8 Hz ,
2H), 4.48(d, J=6.1 Hz, 2H), 4.45(d, J=6.1 Hz, 2H), 3.12(s,
6H);

13C NMR(CDCL)8 153.1, 134.6, 133.7, 130.9, 129.7,
128.2, 126.8, 125.7, 125.4,1 25.2, 99.3, 61.9, 57.1

REFERENCE EXAMPLE 3
Preparation of 3,3'-bis(chloromethyl)-2,2'-bis
(methoxymethyl)-1,1'-binaphthol

3.64 g (8.38 mmol) of 3,3'-bis(hydroxymethyl)-2,2'-bis
(methoxymethyl)1,1'-binaphthol was dissolved in 60 ml of
toluene and cooled to 0° C.

To this solution, 3.24 ml (41.9 mmol) of methanesulfonyl
chloride and 8.17 ml (58.6 mmol) of triethylamine were
added.

One hour later, 1.78 g (41.9 mmol) of lithium chloride and
60 ml of dimethylformamide were further added and stirred
at room temperature until the starting materials disappeared.

This solution was washed with water (20 mlx2), and the
separated aqueous layer was further extracted with ethyl
acetate (80 mlx3).

The organic layers were put together and washed with a
saturated sodium chloride aqueous solution and then dried
over anhydrous sodium sulfate.

The solvent was distilled off under reduced pressure, and
the residue was purified by silica gel column chromatogra-
phy (n-hexane:acetone=4:1) to obtain 3.44 g (87%) of the
above-identified compound.

'H NMR(CDCl,)d 8.11(s, 2H), 7.90(d, J=8.25 Hz, 2H),
7.43(m, 2H), 7.28(m, 2H), 7.1 7(d, J=8.5 Hz, 2H), 4.99(d,
J=11.9 Hz, 2H), 4.94(d, J=11.9 Hz, 2H), 4.63(dd, J=5.5, O.
6 Hz, 2H), 4.52(dd, J=5.5, 0.6 Hz, 2H), 2.97(s, 6H);

C NMR(CDCL,)é 1522, 134.2, 131.2, 130.9, 130.6,
128.1, 127.2, 126.0, 125.5, 1 25.5, 99.5, 56.9, 42.3

REFERENCE EXAMPLE 4
Preparation of 3,3'-bis(diphenylphosphinoylmethyl)-2,2'-bis
(methoxymethyl)-1,1'-binaphthol

2.93 ¢ (13.3 mmol) of diphenylphosphine oxide was
dissolved in 40 ml of tetrahydrofuran and cooled to 0° C.
Then, a solution comprising 1.4 g (15 mmol) of sodium
t-butoxide and 20 ml of tetrahydrofuran was added thereto.

The mixture was stirred for 30 minutes, whereupon the
solution became a white suspension.

This suspension was cooled to —40° C., and a solution
comprising 2.5 g (5.3 mmol) of 3,3'-bis(chloromethyl)-2,2'-
bis(methoxymethyl)-1,1'-binaphthol and 30 ml of
tetrahydrofuran, was dropwise added thereto, and the mix-
ture was gradually returned to room temperature.
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After confirming disappearance of the starting materials,
the mixture was neutralized with a saturated ammonium
chloride aqueous solution and concentrated under reduced
pressure until the amount of the solution became a half.

The solution was extracted with 80 ml of ethyl acetate,
and the organic layer was washed with water (50 mlx2).

The aqueous layer was further extracted with ethyl acetate
(50 mlx3), and the organic layers were put together and

washed with a saturated sodium chloride aqueous solution
(50 mlx2).

The washed organic layer was dried over anhydrous

sodium sulfate, and then, the solvent was distilled off under
reduced pressure. The residue was purified by silica gel tlush
column chromatography (methylene chloride:methanol=
30:1) to obtain 3.95 g (93%) of the above-identified com-
pound.
'H NMR(CDCl,) & 8.30(d, J=2.45 Hz, 2H), 7.92-7.76(m,
10H), 7.52-7.41(m, 12H), 7. 35(m, 2H), 7.15(m, 2H), 6.85
(d, J=8.55 Hz, 2H), 4.21(d, J=6.5 Hz, 2H), 4.20(d, J=6.5H z,
2H), 4.15(dd, J=13.5, 13.5 Hz, 2H), 4.01(dd, J=13.5, 13.5
Hz, 2H), 2.84(s, 6H)

REFERENCE EXAMPLE 5
Preparation of 3,3'-bis(1-hydroxy-2-
diphenylphosphinoylethyl)-2,2'-bis(methoxymethyl)-1,1'-
binaphthol

1.3 ml (1.95 mmol) of n-butyl lithium (1.56 N, n-hexane
solution) was added to a solution comprising 422 mg (1.95
mmol) of methyldiphenylphosphine oxide and 15 ml of
tetrahydrofuran, and the mixture was cooled to =78° C. and
stirred for 1 hour.

A solution comprising 280 mg (0.65 mmol) of 3,3'-
diformyl-2,2'-bis(methoxymethyl)-1,1'-binaphthol and 1.5
ml of tetrahydrofuran, was added thereto at -78° C. and
stirred for 1 hour.

The mixture was returned to room temperature and further
stirred for 1 hour, and then, it was neutralized with a
saturated ammonium chloride aqueous solution and then
extracted with ethyl acetate.

The organic layer was washed with water and a saturated
sodium chloride aqueous solution and then dried over anhy-
drous sodium sulfate.

The solvent was distilled off under reduced pressure, and
the residue was purified by silica gel column chromatogra-
phy (acetone:methylene chloride=1:4) to obtain 579 mg
(quantitative) of the above-identified compound as a slightly
yellow amorphous product.

REFERENCE EXAMPLE 6
Preparation of 3,3'-bis(2-diphenylphosphinoyl-1-¢thylene)
2,2'-bis(methoxymethyl)-1,1'-binaphthol

A solution comprising 403 mg (0.468 mmol) of 3,3'-bis
(1-hydroxy-2-diphenylphosphinoylethyl)-2,2'-bis
(methoxymethyl)-1,1 -binaphthol and 2 ml of methylene
chloride, was cooled with ice, and 0.46 ml (3.28 mmol) of
tricthylamine and 0.18 ml (2.34 mmol) of methanesulfonyl
chloride, were added thereto.

The mixture was returned to room temperature and then
stirred for 1 hour. Then, 0.7 ml (4.68 mmol) of DBU was
added thereto, and the mixture was stirred overnight at room
temperature.

Water was added thereto, and the mixture was extracted
with methylene chloride.

The product was dried over anhydrous sodium sulfate,
and the solvent was distilled off under reduced pressure.
Then, the residue was purified by silica gel column chro-
matography (methanol:chloroform=1:19) to obtain 347 mg
(90%) of the above-identified compound as a slightly yellow
amorphous product.
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REFERENCE EXAMPLE 7
Preparation of 3,3'-bis(2-diphenylphosphinoylethyl)-2,2'-bis
(methoxymethyl)-1,1'-binaphthol

310 mg (0.375 mmol) of 3,3'-bis(2 -diphenylphosphinoyl-
1-ethylene)-2,2'-bis(methoxymethyl)-1,1'-binaphthol was
dissolved 1n a solution comprising 3 ml of methanol and 1
ml of ethyl acetate.

50 mg of 10% palladium-carbon was added thereto, and
the mixture was stirred for 1 hour under a hydrogen stream.

10 ml of ethyl acetate was added thereto, followed by
Celite filtration. Then, the solvent was distilled off under
reduced pressure.

The residue was purified by silica gel column chroma-
tography (methanol:chloroform=1:30) to obtain 281 mg of a
slightly yellow oily substance.

This oi1ly substance contained 22% of the above- 1denti-
fied compound and 72% of 3,3'-bis(2-diphenylphosphinoyl-
1-ethylene)-2-methoxymethyl-1,1'-binaphthol having one of
the methoxymethyl groups detached (3:10).

EXAMPLE 1
Preparation of Asymmetric Ligand 1 (3,3'-bis
(diphenylphosphinynoylmethyl)-1,1'-binaphthol)

3.8 g (4.73 mmol) of 3,3'-bis
(diphenylphosphinoylmethyl)-2,2'-bis(methoxymethyl)-1,
1'-binaphthol was dissolved 1n a solvent comprising 40 ml of
methanol and 40 ml of methylene chloride.

A catalyst amount of p-toluenesulfonic acid monohydrate
was added thereto, and the mixture was stirred overnight at
40° C.

The mixture was concentrated under reduced pressure and
extracted with ethyl acetate.

The organic layer was washed with water (30 mlx2), and
the aqueous layer was further extracted with ethyl acetate
(30 mlx3).

The organic layers were put together and washed with a
saturated sodium chloride aqueous solution, and then, it was
dried over anhydrous sodium sulfate.

The solvent was distilled off under reduced pressure.

The obtained crude product was purified by recrystalli-
zation to obtain 3.0 g (89%) of the above-identified com-
pound.

'"H NMR(CDCL,) & 7.80-7.67(m, 12H), 7.53-7.41(m, 12H),
7.24(m, 2H), 7.14(t, J=7. 65 Hz, 2H), 6.88(d, J=8.55 Hz,
2H), 4.06(dd, J=14.4, 14.4 Hz, 2H), 3.92(dd, J=14.4, 14 4
Hz, 2H);

“¢ NMR(CDCL,)8 151.4, 151.3, 133.2, 132.1(d, J=3.13
Hz), 132.1(d, J=2.13 Hz),1 31.9, 131.7, 131.5, 131.4, 131.1
(d, J=7.13 Hz), 131.0(d, J=7.13 Hz), 130.9, 129.0(d J=2.0
Hz), 128.7(d, J=3.13 Hz), 128.6(d, J=2.0 Hz), 127.7, 126 4,
124.8, 123. 6,121 .6, 121.5, 117.1, 34.0(d, J=66.8 Hz);
*'P NMR(CDCL,) & 37.94

[a]*°,,+131.5° (¢=1.0, CH,OH)

EXAMPLE 2
Preparation of asymmetric ligand 2 (3.3'-bis(2-
diphenylphosphinoyl-1-ethylene)-1,1'-binaphthol)

By an operation similar to Example 1, the above-
identified compound was obtained 1n a yield of 48% from an
o1ly substance comprising 3,3"-bis(2
-diphenylphosphinoylethyl)-2,2'-bis(methoxymethyl)-1,1'-
binaphthol and 3,3'-bis(2-diphenylphosphinonylethyl)-2-
methoxymethyl-1,1'-binaphthol 1n a ratio of 3:10.

EXAMPLE 3

Preparation of Asymmetric Catalyst 1 Containing 4 mol
Equivalent of Tr1 N-butylphosphine Oxide
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Asymmetric Catalyst 1

Into a flame-dried flask, 15 mg (68.8 umol) of tr1
n-butylphosphine oxide was put and dried under reduced
pressure at 80° C. for 2 hours.

0.1 ml of methylene chloride was added thereto, and 18 ul
(17.28 umol) of a 0.96 M n-hexane solution of ethylalumi-
num chloride was added thereto 1n an argon stream.

After stirring for 10 minutes, a solution comprising 13 mg
(18.2 umol) of asymmetric ligand 1 (3,3'-bis
(diphenylphosphinynoylmethyl)-1,1'-binaphthol) and 0.35
ml of methylene chloride, was added thereto at room tem-
perature.

The reaction solution was stirred at the same temperature
for 1 hour, whereby it became a transparent solution.

This solution was employed directly for the preparation of
the optically active cyanohydrin.

EXAMPLES 4 1O &

By an operation similar to Example 3, solutions contain-
ing asymmetric catalyst 1 were prepared wherein the type
and the amount of the phosphine oxide added were different.

Phosphine oxide added

Fxample No. Structural formula Amount {mole equivalent)
4 — 0
5 Ph,P(O) 4
6 Ph,P(O)CH,; 4
7 n-Bu,P(O) 10
8 n-Oct;P(O) 4
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EXAMPLE 9

Preparation of Asymmetric Catalyst 2

I
PPh
99 |
X
0
>A1— Cl
0
PPh,
|
0

Asymmetric Catalyst 2

In an operation similar to Example 4, a solution contain-
ing the above-identified asymmetric catalyst, was prepared
wherein asymmetric ligand 2 contains no phosphine oxide.

EXAMPLES 10 TO 19

Preparation of an Optically Active Cyanohydrin Compound

The solution containing asymmetric catalyst 1 was cooled
to —=40° C., and an aldehyde compound was added thereto.

Trimethylsilylcyanide (1.8 mol equivalent to the aldehyde
compound) was slowly added over a period of 10 hours by
means of a syringe pump. (The melting point of trimethyl-
silylcyanide is from 11 to 12° C., and according, it should be
dropwise added from the upper end of the flask which 1s
believed to be at a temperature of at least 15° C.)

The reaction solution was stirred at the same temperature
(-40° C.).

2N hydrochloric acid was added thereto, and the mixture
was vigorously stirred at room temperature. Then, ethyl
acetate was added thereto, and the mixture was further
stirred for 30 minutes.

The organic layer was separated and washed with water.
The aqueous layer was extracted twice with ethyl acetate.

The organic layers were put together and washed with a
saturated sodium chloride aqueous solution and then dried
over anhydrous sodium sulfate.

The solvent was distilled off under reduced pressure, and
then, the residue was purified by silica gel flush chromatog-

raphy (n-hexane:ethyl acetate=10:1) to obtain the desired
optically active cyanohydrin compound.

The results obtained by using various types of aldehyde
compounds are shown 1n the following Table.

The yield of the product was determined by a conven-
tional method by leading it to an acetate, a benzoyl ester, a
p-nitrobenzoyl ester, an ethyl carbonate or a
t-butyldimethylsilyl ether.

In the Table, the amount of the asymmetric catalyst 1s
represented by mol % to the aldehyde compound, and the
amount of the phosphine oxide i1s represented by mol
cequivalent to asymmetric catalyst 1.
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1) Asymmetric catalyst 1

20

O Phosphine oxide
| CH,CH, -40" C. HO CN
+ (CH3)3SiCN - - X
R H 2)H R -
Amount
of Phosphine oxide
asymimet- Amount
ric (mol Reac-
Ex. catalyst equiv-  tion
No. R (mol %) Type alent) time Yield ee S/R
10 —(CH,),Ph 9 n-BuP(O) 4 37 97 97 S
11 —(CH,ysCH; 9 n-BuP(O) 4 58 100 98 S
12 —CH(CH,), 9 n-BuP(O) 4 45 96 90 S
13 —CH(CH,CH;), 9 n-BuP(O) 4 60 98 83 S
14 —CH=CH(CH,);CHj; 9 n-BuP(O) 4 58 94 97
15 —CH=CHPh 9 n-BuP(O) 4 40 99 98 S
16 —Ph 10 — 0 36 91 87
17 —FPh 9 CH,P(O)Ph, 4 70 75 92 S
18 —_— 9 CH,P(O)Ph, 4 70 87 90 S
\ / CHj
19 18 CH,P(O)Ph, 4 70 86 95

According to the method of the present invention, an
industrially usetul optically active cyanohydrin compound
can readily be prepared in a high chemical yield and in a
high optical yield.

What 1s claimed 1is:

1. An optically active binaphthyl compound of the for-
mula (1):

(1)
X

i
(CHz)ymP(R"),

R2
NN A

X

(

O1.!
‘ N N /0L2
A N

(CH2)s—P(R"),

W
b

|
X

wherein R" is a C,_. alkyl group, an aryl group or an aryl
C,_ alkyl group, X is an oxygen atom or a sulfur atom, R*
1s a hydrogen atom, a C,_, alkyl group, a C,_. alkenyl group,
a C,_. alkynyl group or a halogen atom, each of L' and L*
is a hydrogen atom, or L' and L* together form MY wherein
M 1s a rare earth element or a Group 13 element, and Y 1s
a C, . alkoxy group, a C,_. alkylcarbonyloxy group or a
halogen atom, and m 1s an mteger of from 1 to 3.

2. The optically active binaphthyl compound according to
claim 1, wherein R” is a hydrogen atom, and m is 1 or 2.

3. The optically active binaphthyl compound according to
claim 2, wherein R' is a phenyl group.

4. The optically active binaphthyl compound according to
claim 3, wherein each of L' and L* is a hydrogen atom.
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5. The optically active binaphthyl compound according to
claim 3, wherein L* and L~ together form AICI.

6. A method for producing an optically active cyanohy-
drin compound of the formula (3):

(3)

H >\&OH
R3 CN

wherein R” is a C,__ alkyl group, an aryl group, an aryl C,
alkyl group, a C,_, alkenyl group, an aryl C,_, alkenyl group,
a C,_. alkynyl group, an aromatic heterocyclic group or a
non-aromatic heterocyclic group, which comprises reacting
an aldehyde compound of the formula (2):

R3CHO (2)

wherein R° is as defined above, with trimethylsilylcyanide
in the presence of the optically active binaphthyl compound
of the formula (1) as defined in claim 1 wherein L' and L*
together form MY wherein M and Y are as defined above.

7. The method for producing an optically active cyano-
hydrin compound according to claim 6, wherein a phosphine
oxide of the formula (4):

(4)
R

RP—P=—0

R6

wherein each of R*, R® and R°® which are independent of one
another, 1s a C,_; alkyl group, an aryl group or an aryl C,
alkyl group, 1s added to the reaction system.

8. The method for producing an optically active cyano-

hydrin compound according to claim 7, wherein the opti-
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cally active binaphthyl compound of the formula (1)
wherein R” is a hydrogen atom, and m is 1 or 2, is used.

9. The method for producing an optically active cyano-
hydrin compound according to claim 8, wherein the opti-
cally active binaphthyl compound of the formula (1)
wherein R' is a phenyl group, is used.

10. The method for producing an optically active cyano-
hydrin compound according to claim 9, wherein the opti-
cally active binaphthyl compound of the formula (1)
wherein L' and L* together form AlCI, is used.

11. The method for producing an optically active cyano-
hydrin compound according to claim 10, wherein the alde-
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hyde compound of the formula (2) wherein R is (CH,),Ph,
CH(CH,),, Ph, (CH,);CH;, CH(CH,CH,),, CH=CH
(CH,),CH,, CH=CHPh, C (CH,) ,CH,Ph, a cyclohexyl
group, a p-methylphenyl group or a 2-furyl group, 1s used.

12. The method for producing an optically active cyano-
hydrin compound according to claim 11, wherein the phos-

phine oxide of the formula (4) wherein each of R*, R> and
R°® which are independent of one another, is CH,, (CH,)

1o sCHs, (CH,),CH; or Ph, is used.
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